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A CLINICAL AND EXPERIMENTAL DETERMINATION OF
PRESSURE WITHIN THE CAROTID ARTERIES*
WILLIAM J. GERMAN AND SAMUEL P. W. BLACK
During the past fifteen years a new field of neurological surgery has been
developed; this might be called intracranial vascular surgery. One of the
most challenging problems in this field is the treatment of intracranial
aneurysms. About 75% of these aneurysms' lie in or near the anterior half
of the circle of Willis, receiving their major blood supply from the internal
carotid arteries. Most of these anteriorly placed aneurysms can be localized
precisely by angiography. We believe that those arising from the internal
carotid arteries can be very favorably influenced by carotid ligation in the
neck.8 The purpose of the present paper is to report on our studies of intra-
carotid pressures under various circumstances and to suggest a preliminary
correlation of these data with probable forces acting upon intracranial
aneurysms.
METHODS
Intra-arterial pressures were measured by means of an inductance-type gauge,
amplified through a vacuum tube system, and recorded on a photographic galvanometer.
A method similar to this has been employed clinically by others'2,6 in their studies
upon intravascular pressure throughout the ramifications of the internal carotid artery.
Intra-arterial pressure was applied to the gauge through a #18 or #19 flexible needle.
All determinations were made with the carotid arteries exposed.
RESULTS
Figure 1 shows intra-arterial pressure recordings from the common
carotid artery. In section A there is no obstruction to the blood flow and the
blood pressuret averages 124/54, mean pressuret 89, pulse pressure 70.
When the common carotid was occluded, B, proximal to the pressure
recording site, the B.P. fell to 43/30, mean pressure 36, and pulse pressure
13. These pressures were contributed by the external and internal carotid
* From the Department of Surgery, Yale University School of Medicine. Aided by a
grant from the George H. Knight Memorial Fund of the Yale University School of
Medicine. Presented at The Forum on Fundamental Surgical Problems of The
American College of Surgeons, New York, New York, September 25, 1952.
t All pressures are cited in millimeters of Hg.
i Mean pressure was determined by averaging the systolic and diastolic pressures.
This might be termed the arithmetical mean pressure in contradistinction to the more
accurate method of mean pressure determination wherein the blood pressure curve is
integrated. Of the two methods the former is the more practical because it is available
immediately for clinical decisions. There is some difference in the results obtained by
the two methods. For example, in Figure 1A the arithmetical mean pressure is 89.0,
while by the integrative method it is 80.0; in Figure IC it is 36.5, arithmetically com-
pared to 34.0. In Figure 4A the arithmetical mean pressure is 122.5, while by the
integrative method it is 116.8; in Figure 4C it is 79.5, arithmetically compared to 80.5.246 YALE JOURNAL OF BIOLOGY AND MEDICINE
arteries and represent collateral and reflux pressures respectively. In sec-
tion C both the common and external carotid arteries were occluded with
reduction of B.P. to 31/?9, mean pressure 30, pulse pressure 2. Immediately
after this (not shown in figure) all occlusions were removed and the intra-
arterial pressures returned to the original levels. It is apparent from these
results that a very considerable reduction of peak-pressure (65%o), mean
72/56
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FIG. 2. Intra- A B C arterial pressure
FIG. IA. Intra-arterial pressure recording from recording from
common carotid. common carotid
FIG. 1B. Collateral and reflux pressure from ex- one year after
ternal and internal carotid arteries respectively. proximal liga-
FIG. 1C. Reflux pressure from internal carotid; tion; compare
note very low pulse pressure. with Figure 1A.
pressure (60%), and pulse pressure (81%) occurred distal to the common
carotid occlusion. Combined common and external carotid occlusion, which
is the same as internal carotid occlusion, gave even more striking reduc-
tions: peak-pressure 75%o, mean pressure 66%o, pulse pressure 97%o.
Figure 2 illustrates that low pressures may be maintained for a significant
time after proximal ligation. This patient had the common carotid ligated
153o92 58/5 87/ 72
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FIG. 4A. Intra-arterial pressure recording from common carotid.
FIG. 4B. Effect of proximal occlusion of common carotid; note disappearance of pulse
pressure.
FIG. 4C. Effect of partial ligation of common carotid.
one year previously and these pressure recordings were obtained from the
external carotid, near its origin. Average pressures at this site were
B.P. 72/56, mean pressure 64, pulse pressure 16. Simultaneous sphygmo-
manometer pressures in the brachial artery were B.P. 130/90, mean
pressure 110, pulse pressure 40. Thus the intra-arterial pressures distal to
the common carotid ligature were reduced in relation to systemic pressures
as follows: peak-pressure 45%o, mean pressure 42%, pulse pressure 60%.
A considerable reduction in the demonstrable size of this patient's internal
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On a few occasions it has appeared inadvisable to perform a complete
ligation of the common carotid artery, because of probable consequent
serious cerebral vascular deficit. In these cases, partial ligation has been
done, using several in-folding mattress sutures into the muscularis of the
common carotid.' Pressure studies in such a case are illustrated in Figure 4.
Pressures in the common carotid immediately preceding trial occlusion, A,
wvere: B.P. 153/92, mean pressure 122, pulse pressure 61. As the common
carotid was occluded, B, the pressures distal to the occlusion fell to B.P.
58/58, mean pressure 58, pulse pressure 0. The pressure reductions were:
peak-pressure 62%, mean pressure 52%o, pulse pressure 100%o. After





FIG. 5A. Common carotid FIG. 6. Intra-arterial pressure recording
pressure recording 26 days after from common carotid of a dog.
proximal partial ligation; com- A. Side-pressure.
pare with Figure 4G. B. End-pressure; note change
FIG. 5B. Effect of proximal in wave form from A.
complete occlusion; note lowpulse C. Collateral-reflux pressure;
pressure. note low pulse pressure.
mean pressure 80, pulse pressure 15. The pressure reductions were: peak-
pressure 43%, mean pressure 34%o, pulse pressure 75%o.
In one instance pressure studies were made 26 days after partial ligation
of the common carotid, Figure 5. Pressures above the partial ligation, A,
were: B.P. 120/88, mean pressure 104, pulse pressure 32. Complete occlu-
sion of the common carotid, B, reduced the pressures to: B.P. 64/58, mean
pressure 61, pulse pressure 6. The pressure reductions were: peak-pressure
47%o, mean pressure 417%o, pulse pressure 61%o.
Recently, studies have been initiated in the experimental laboratory for
the purpose of determining various types of pressures to which an artery
may be subjected. The common carotid artery in the dog gives off a small
thyroid branch, approximately at right angles to the parent trunk. Can-
nulization of this branch permits determination of side-pressure within the
major artery. By temporary occlusion of the common carotid cephalad or
cardiad to this branch, end-pressure and collateral-reflux pressure, respec-
tively, may be determined. Figure 6 illustrates the relationships of these
three different pressures. In section A there was no obstruction to blood
flow in the common carotid and the side-pressures were: B.P. 229/208,
mean pressure 218, pulse pressure 21. When the common carotid was
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occluded cephalad to the site of pressure measurement, B, the end-pressures
were: B.P. 272/245, mean pressure 258, pulse pressure 27. With cardiad
occlusion of the common carotid, C, the collateral-reflux pressures were:
B.P. 196/191, mean pressure 193, pulse pressure 5.
DISCUSSION
The correlation of these data with probable forces acting upon intracranial
aneurysms requires brief consideration of certain factors of theoretical
hydraulics and cerebral circulation. The stresses operating to produce
strains within an aneurysm include: total hydrostatic pressure in the parent
artery, pulsatile flow, turbulence, and jet action. Total hydrostatic pressure
is equal to pressure head plus velocity head. Under normal conditions in the
circulatory system, with its relatively high pressure and low velocity, the
velocity head is of little importance. The average strain upon an aneurysm
from hydrostatic pressure is therefore proportional to the mean arterial
pressure in the parent artery. In the cases illustrated in Figures 1 and 2,
mean pressures were reduced 60% and 42%1o immediately and one year
respectively after common carotid occlusion.
The second stress factor, pulsatile flow, may be considered as having a
waterhammer effect within the aneurysm. The cardiac systolic thrust creates
a pressure wave which travels at a much faster rate than the blood, at least
350 cm./sec. A pressure head of but 10 mm. Hg., for example, riding the
blood stream at this speed, is capable of a thrust of about five times that
amount against the walls of a closed sac such as an aneurysm. While this
pressure wave is not identical with the pulse pressure, the two are probably
influenced in a proportional manner by carotid ligation. Referring again to
the cases illustrated in Figures 1 and 2, pulse pressures were reduced 81 o
and 60%o immediately and one year, respectively, after common carotid
occlusion.
We shall omit discussion of the factor of turbulence. Jet action, however,
may be one of the most important elements in aneurysmal rupture. The
theoretical energy of a jet varies with the cube of the velocity. Blood issuing
through an aneurysmal neck 1 mm. in diameter, at the side of the parent
artery carrying a pressure of 100 mm. Hg., would have a theoretical velocity
of about 500 cm./sec. With the aneurysm intact, jet action is greatly dam-
pened by the blood in the sac. Pulsatile changes in the parent artery, how-
ever, would permit an ebb and flow of low intensity jet action. There are
two components to the force of a jet, the impulse and the reaction, each of
which varies as the square of the velocity, the former tending to drive the
aneurysm away from the artery, the latter to tear the artery from the
aneurysm. When a leak in the aneurysm occurs, full jet action may be
expected, the dynamic pressure caused by the jet being double the hydro-
static pressure within the parent vessel. From the above considerations it
may be inferred that jet effect in the intact aneurysm would be proportional
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to pulse pressure, while jet action from a leaking aneurysm would be pro-
portional to mean pressure. Carotid ligation would therefore tend to reduce
the jet action stress by the same amounts as previously estimated for
pulsatile flow and hydrostatic pressure.
Finally, brief mention should be made of certain factors related to intra-
arterial pressure measurements. Artifacts due to inertia, dampening, fric-
tion, and fluid flow are overcome to a large extent in the modern apparatus.
The introduction of a pressure-recording mechanism into the lumen of an
artery decreases the available area for the flow of blood in proportion to the
relative size of the needle to the artery. If the needle is directed cardiad, the
measurement is a mixture of "normal" pressure, end-pressure, and velocity
head. If the needle is directed cephalad, the velocity head becomes negative.
Pressure measurements distal to an occlusion of the common carotid have
been referred to previously as collateral-reflux pressures. Perhaps future
analyses of pressure wave forms will permit differentiation of the external
carotid collateral pressure from that due to internal carotid reflux flow.
SUMMARY AND CONCLUSIONS
The empirical treatment of internal carotid aneurysms by proximal
ligation has been evaluated by means of intra-arterial pressure studies.
A preliminary correlation of these data with probable forces acting upon
intracranial aneurysms has been made. It is concluded that the treatment of
internal carotid aneurysms by proximal ligation has a sound basis, both in
respect to theoretical hydraulics and to the physiology of cerebral
circulation.
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